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PHNL 020233 

METHOD AND DEVICE FOR PERFORMING TILT CORRECTION 
USING MOLTI -DIMENSIONAL ACTUATOR 

BACKGROUND OF THE INVENTION 
Field Of The Invention 

[0001] The present invention relates to a tilt control device 
and method for correcting tilt of a recording surface of an optical 
5 disc, such as^ for example^ a recordable or read-only disk, by 
using a multi -dimensional actuator, e.g.j_ a 3D actuator. 

[0002] In recent years, optical disc apparatuses have been 
developed for recording and reproducing large quantities of data. 

[0003] Principally, an optical disc should be kept in a flat 
10 disc shape when it is set ^a -on a disc motor, so that an optical 
pickup unit can keep its optical axis perpendicular to the 
recording surface of the disc during recording and reproducing 
operations. For scanning the recording tracks, the optical pickup 
unit moves in a radial direction in alignment with the radius of 
15 the optical disc. 

[0004] However, the optical disc set jiR -on the disc motor is not 
flat, mainly due to the manufacturing process. The optical disc 
curves both in the radial and circumferential directions. 
Furthermore, all kinds of drive tolerances may be faced. Therefore, 
20 the optical pickup unit cannot scan the recording tracks with its 
optical axis perpendicular to the recording surface of the disc. 
Furthermore, the angle varies according to the position of the 
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optical pickup iinit with respect to the optical disc. The angle 
formed between the optical axis and the recording surface in a 
radial direction is defined as the radial tilt angle. Additionally, 
the angle formed between the optical axis and a line tangential to 
5 the recording track (or perpendicular to the radius) of the optical 
disc is referred to as the tangential tilt. Generally, the amount 
of radial tilt of the optical disc is within a range of ±10mrad 
[0005] The user data is extracted from the HP signal . Due tOj_ 
time errors in the HF signal, a certain amount of jitter is 

10 always present when reading out an optical disc. Some contributors 
for such a jitter are intersymbol interference, crosstalk between 
neighboring tracks — and disc manufacturing imper feet ions j_ but also 
ordinary noise, present in all electrical circuits. The tilt angle 
between the disc and the objective lens, is a result of two major 

15 contributors, namelyj, the disc (contribution by manufacturing 

tolerances and environmental changes) and the drive (contribution 
by objective lens actuator, turntable motor adjustment, axis 
adjustment, etc.). The resulting angular deviations lead to comatic 
aberrations, i.e.j^ a distortion of the optical readout spot on the 

20 disc. This distorted readout spot directly results in a distorted 
HF signal and thus in timing errors, i.e.^ jitter. Generally, the 
jitter increases at a greater rate as the radial tilt becomes 
larger . 

[0006] Tighter system tolerances in systems like DVD and DVD+RW 
25 require decreased maximal allowed tilt errors. These maximal 
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allowed tilt errors are specified in a tilt window which can be^^ 
e.g-ju ±8 mrad in the radial direction. This tilt window is defined 
to achieve a jitter below a certain required level (typically 15%) . 
If the total tilt in the readout system is larger than this window, 
5 the jitter will be too high and active tilt compensation is 

required. Therefore, in order to reproduce the original signal from 
the recording track under such fluctuation factors, it is necessary 
to adjust the optical disc apparatus with respect to the physical 
f luctuationSj_ such as radial tilt and/or tangential tilt. 

10 

Description Of The Related Art 

[0007] Document Japanese Patent Pxiblication No. JP-A-2000-195Q80 
discloses a conventional optical disc apparatus in which a tilt 
control is applied. In operation, tilt detection means output 

15 outputs a tilting signal having a voltage corresponding to the 

tilting amount of the optical disc with respect to an optical head 
used for recording and reproducing. The tilt control means drives 
the tilt actuating means or radial tilt adjuster such that a tilt 
control signal becomes zero. Thus, the optical head can be kept in 

20 a position parallel to the optical disc so that a signal with a 
good quality can be recorded thereto or reproduced therefrom. 
[0008] Furthermore , document International Patent Application 
No. W O-A- 00/16321 , corresponding to U.S. Patent 6,157.600. 
discloses a tilt control device and method, wherein a sledge of an 

25 optical pickup unit is placed on a tilting xinit which can tilt or 
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incline in the radial direction with respect to the optical disc. 
In response to a change in the radial tilting angle, the angle of 
the optical axis of the pickup unit changes with respect to the 
recording surface of the disc. As a result, the jitter of the 
5 signal reproduced also varies. 

[0009] The tilt sensor may be calibrated on the basis of a 
jitter measurement in a predetermined calibration data track area. 
In response to a change in the radial tilting angle, the angle of 
the optical axis of the pickup unit, with respect to the recording 

10 surface of the disc, also changes. As a result, the jitter of the 
signal reproduced from the calibration data track also changes. The 
position at which the jitter of the reproduced signal shows its 
smallest value is the optimum position for the radial tilt. 
However, a sensor calibration based on the jitter is not possible 

15 for non-written optical discs, such as DVD+RW discs. 

[0010] To reduce costs, the tilt sensor can be omitted. The tilt 
measurement may then be based on the dz/dr method, wherein the DC 
components of the radial tilt are measured using the actuator of 
the optical reading system. In particular, the DC radial tilt is 

20 measured through differentiation of the DC actuator voltage, i.e.j. 
the mean actuator voltage over one disc revolution, to the radius 
r, times the DC sensitivity of the actuator. However, this tilt 
measurement is very sensitive to the focus DC sensitivity and^ 
therefore^ has to be calibrated. Such a calibration can easily be 

25 performed in drives with a tilting frame. Unfortunately, this 
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calibration is not possible for drives that use a 3D actuator to 
compensate tilt. 

SUMMARY OF THE INVENTION 
5 [0011] It is^ therefore^ an object of the present invention to 
provide a tilt control device and method by means of which an 
accurate sensorless tilt measurement can be provided with a 3D 
actuator. 

[0012] This object is achieved by a tilt control device for 

10 controlling a radial tilt of a recording surface of an optical disc 
with respect to an optical recording/ reproducing beam, said tilt 
control device comprising control means for generating two focus 
controlling outputs; and actuating means for controlling a focusing 
state of the optical recording/reproducing beam based on said two 

15 focus controlling outputs and the radial tilt, characterized in 
that said control means is arranged to determine the radial tilt 
value based on a differentiation of focus control values obtained 
at different radii of said optical disk. and method as claimed in 
claimo 1 and 10, rcopQctivcly . 

20 [0013] Accordingly, the specific multi -dimensional actuator 
design is used in combination with a dz/dr tilt measurement to 
provide an improved accuracy for sensorless tilt measurements. The 
combination ofj_ e.g.j^ a 3D actuator with the dz/dr tilt measurement 
provides the advauitage that focus and tilt adjustment can be 

25 performed in the same element. Thereby, influences or measurement 
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variations caused by environmental conditions and/or circuit 
characteristics can be minimized to reduce compensations 
requirements . 

[0014] Preferably, the actuator design is based on a splitting 
5 of focus coils. Thereby, the actuator tilt DC sensitivity can be 
directly related to the focus DC sensitivity, and the sensor 
sensitivity is cancelled out by the tilt compensator sensitivity. 
Now, the actuator can be used for feed feed- forward tilt 
compensation without offset or gain errors and without any 
10 additional sensor, and a very accurate tilt control functionality 
can be achieved. 

Advantagcouo further dcvclopmcnto arc defined in the 

dopondont claims 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention will now be described on the basis of a 
preferred embodiment with reference to the accompanying drawings, 
in which: 

[0016] Fig. 1 shows a basic block diagram of a tilt control 
20 device according to the preferred embodiment-y— j. 

[0017] Fig. 2 shows a schematic arrangement of a 3D actuator 
which can be applied in the preferred embodiment; 

[0018] Fig. 3 shows a schematic block diagram indicating control 
parts for generating voltages applied to the 3D actuator; 
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[0019] Fig. 4 shows a diagram indicating different radial 
positions and corresponding different focus positions measured 
during initialioation initialization to determine mean radial tilt; 

[0020] Fig. 5 shows a diagram indicating different radial 
5 positions and corresponding mean tilt values applied during a 
tracking operation; and 

[0021] Fig. 6 indicates a flow diagram of a tilt control method 
according to the preferred embodiment. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] The preferred embodiment will now be described on the 
basis of a tilt control operation in an optical disc player. 
[0023] In Fig. 1, a tilt control arrangement or device is shown 
for correcting tilt with respect to an optical disc 1. The tilt 

15 control device comprises an optical pickup unit comprising a 

movable carriage or sledge 4 for moving the optical pickup unit in 
a radial direction on a platform 5. The optical pickup unit 
comprises an optical head 2 which directs and receives a radiation 
beam to/from the optical disc 1 through a 3D actuator 11 arranged 

20 to control the focus, tilt and radial position of the 3D actuator 
by a three-dimensional actuating fvinction based on split focus 
coils. Each of the split focus coils of the 3D actuator 11 is 
driven based on an own focus control signal received from a 
processor 10. 
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[0024] Furthermore, a focus evaluator 6 is provided which 
produces a focusing error signal based on a beam reflection signal 
obtained of the optical head 2. According to the preferred 
embodiment, the mean radial disc tilt is initially measured by 
5 means of the mean focus voltages at different radii on the disc 1. 
To achieve this, the mean radial tilt between two radii is 
calculated and stored in the controller 10, and the calculated mean 
tilt is then used to generate or calculate a tilt control output 
signal used for controlling the 3D actuator during a disc tracking 
10 operation. 

[0025] Pig. 2 shows a more detailed schematic diagram of the 
arrangement of the 3D actuator 11. In Fig. 2, the 3D actuator is 
fixed at attached to the sledge 4 by spring arrangements SI to S3 ee 
ao to allo w therebv allowing three-dimensional movement of the 3D 

15 actuator 11 with respect to the sledge 4 and the recording surface 
of the optical disc 1. Thereby, the point at which the radiation 
beam impinges on the recording surface of the optical disc 1 and 
the impinging angle of the radiation beam with respect to the 
recording surface can be controlled. The radiation beam is directed 

20 between the optical head 2 and the optical disc 1 via a mirror 41 
and an objective lens 110. The optical head 2 comprises a radiation 
source (not shown), e.g.j_ a laser, for generating the radiation 
beam, e.g.j_ laser beam, and a detector (not shown) for receiving 
light reflected afe -f rom the recording surface of the optical disc 1 

25 and guided back to the optical head 2 via the objective lens 110 
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and the mirror 41. Based on the reflected light signals detected at 
the optical head 2, radial and focus tracking error signal may be 
generated . 

[0026] Furthermore, the 3D actuator 11 comprises split focus 
5 coils CI, 02 for controlling focus and tilt^ and a radial coil Cr 
for controlling the radial position of the 3D actuator 11. The 
split focus coils are arranged at respective radial distances al 
and a2, respectively, from a central symmetry line of the 3D 
actuator 11. When a voltage is applied to the coils and the coils 
10 are arranged in a magnetic field, each of the split focus coils CI, 
C2 and the radial coil Cr generates an own force Ff^, Ff2 anf and 
Fj., respectively, dependin g on the current I flowing through the 
coil windings. The force generated by each of the coils can be 
calculated based on the known Lorentz equation: 

15 

F = kl [N/A] (1) 

Thus, the factor k indicates the amount of force generated due to a 
current I. Due to the eccentric arrangement of the split focus 
20 coils CI and C2, a tilt p can be generated if Ffi = - Ff2, while a 
vertical movement (z direction) along the symmetry line 
perpendicular to the surface of the optical disc 1 can be generated 
if Ffi = Ff2. 

[0027] Fig. 3 shows a schematic block diagram indicating control 
25 parts for generating control voltages Ufl, Uf2 and Ur each applied^. 
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e.g,^ between one end of the respective actuator coil and a ground 
terminal or other fixed reference voltage, based on control data 
stored in respective control registers Rf , R§ and Rr, or any other 
kind of memory. The control parts may be arranged at the processor 
5 10 or a separate control device provided at the 3D actuator 11. 
[0028] In particular, focus control data rf obtained from the 
focus evaluator 6 and processor 10 (based on^, e.g.^ a PID 
(Proportional Integral Derivative) controller function) , is stored 
in a focus control register Rf , tilt control data rp is stored in a 

10 tilt control register R^ and radial control data r^;^ is stored in a 
radial control register Rr. The actuator coils CI, C2 and Cr may be 
arranged in a star connection as indicated in Fig. 3. A radial 
control voltage Ur for controlling the radial coil Cr is generated 
by inputting the radial control data r^^ into digital/analog 

15 converter (DAC) having a gain Gda3 and supplying the converted 

analog signal to a power amplifier or end stage having a gain GE3 . 
Additionally, focus control voltages Ufl and Uf2 are generated 
based on a predetermined combination of the focus control data rf 
and the tilt control data r^. Particularly, a first focus control 

20 voltage Ufl is generated by adding the focus control data rf and 
the tilt control data rp and supplying the result via a dedicated 
DAC having a gain Gdal to a dedicated power end stage having a gain 
GEl. Moreover, a second focus control voltage Uf2 is generated by 
subtracting the tilt control data rp from the focus control data rf 

25 and supplying the result via a dedicated DAC having a gain Gda2 to 
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a dedicated power end stage having a gain GE2. Thus, the focus, 
tilt and radial position of the 3D actuator 11 can be controlled by 
storing control data in the control registers Rf , Rp and Rr. If the 
focus control data rf and the tilt control data rp is selected such 
5 that Ufl = -Uf2, a tilt p is applied to the 3D actuator 11. On the 
other hand, if the focus control data rf and the tilt control data 
rp is selected such that Dfl = Uf2, a z movement is generated at 
the 3D actuator 11. The focus control data rf and the radial 
control data r^ may be controlled by a conventional PID controller, 
10 while the tilt control data rp may be controlled by a food feed- 
forward algorithm using a tilt table in which mean tilt values are 
stored. 

[0029] For the 3D actuator design according to the preferred 
embodiment, the following #eed — feed- forward algorithm can be used 
15 which is highly invariant to the focus and tilt DC sensitivity 

variations, and any endjistage and digital-to-analog conversion gain 
variations. 

[0030] Based on focus control values obtained from the focus 
evaluator 6 at the different radii, the mean radial disc tilt can 
20 nainniAh<;^H ii«-ing the following equation (2): 

(2) 

where Arf is the difference between two averaged focus control data 
25 values measured during initialization, AR is the sledge step in 
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radial direction between two measurements, G^ac gain of the 

DAC combined with the power end stage in the #eed -feed- forward 
control path indicated in Fig. 3, and GdC; focus the focus DC 
sensitivity (in m/V) of the 3D actuator 11. The measurement result 
5 is linear dependent on the generally unknown focus DC sensitivity. 
[0031] To compensate disc tilt with the 3D actuator 11, the 
control data rp of the tilt register control register R§ must be 
'^"1 at-<aH in accordance with the following equation (3): 

10 (3) 



where is the mean disc tilt of the disc 1, is the factor 
between actuator tilt and disc tilt for which comatic aberrations 
are optimal corrected, G^jac is the gain of the DAC combined with 
15 the power end stage of the food feed- forward control path, and 

^DC-tilt is the tilt DC sensitivity (in rad/V) of the 3D actuator 
11. The actual resulting actuator tilt is dependent on the 
generally unknown tilt DC sensitivity. 

[0032] Substitution of the measured mean disc tilt ^ in 
20 equation (2) for the actuator disc tilt 6^ of equation (3)j_ leads 
to the following equation (4) : 
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[0033] If both DC sensitivities (focus and tilt) are known, the 
3D actuator 11 Ccui be controlled accurately in tilt direction based 
on the measured mean focus control data (Arf ) and sledge step (AR) . 
[0034] In general, both DC sensitivities are dependent on the 
5 magnetic field and the coil resistance of the actuator coils. Both 
quantities fluctuate from batch to batch and as a function of 
temperature^, andj_ therefore^ introduce a lot of errors preventing 
the use of food feed- forward open open- loop control with a 3D 
actuator. However, if an actuator is used where tilt actuating is 
10 performed by means of splitting the focus coils, as in the 3D 

actuator 11, it can be shown that both effects strongly cancel each 
other. For the 3D actuator 11 shown in Fig. 2, the focus and tilt 
DC sensitivities can be expressed as follows: 

G -•il--.^. 

15 '*=^"c/Ji,. ~ (5) 



and 

^DCM —T. 

'^'^^ (6) 



20 



where kf denotes the k-£actor of the split focus coils CI and C2, 
Rf denotes the ohmic resistance of the split focus coils CI and C2, 
Cf denotes the spring constant of the springs SI and S2 with 
respect to a z-movement of the 3D actuator 11, euid c^ denotes the 
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spring constant of the springs SI and S2 with respect to a tilt 
movement of the 3D actuator 11, 

[0035] Sxibstitution of these sensitivities in the expression for 
the tilt recjister value rp leads to 
5 ^ _ GcCMf 

(7) 

which is completely independent of the coil resistance Rf and 
actuator focus k- factor (magnetic field) andj_ thereforej_ 
10 independent of temperature and batch variations. Geometrical 

deviations, such as (ai+a2)jL are considered to be limited and only 
deviations between focus stiffness and torsion stiffness influence 
the gain errors. 

[0036] It is noted that no offset error is present in this tilt 

15 control scheme. 

[0037] Even for actuators with strongly varying focus k- factors 
as a function of the vertical z-position (focus) , the measurement 
error and the compensation error cancel each other. For example, at 
a nominal position of 2=+0.6 mm the focus k-f actor may have dropped 

20 by a factor two. Thus, a factor twOj_ higher coil voltages are 
required to focus the actuator leading to a measured disc tilt 
of two times the result in the z=0 position. Accordingly, the tilt 
actuator set point equals twice the set point obtained at the z=0 
position. However, due to the fact that the tilt DC sensitivity has 
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also dropped by a factor two at z=+0.6 mm, the actuator is 
controlled to the required disc tilt 6^. 

[0038] In the following, the tilt control procedure according to 
the preferred embodiment is described with reference to Figs. 4 to 
5 6. 

[0039] Fig. 4 shows a diagram schematically indicating different 
focus positions zl to z3 of the 3D actuator 11 at corresponding 
radial positions Rl to R3 on a tilted recording surface of the 
optical disc 1. During initialioatio n initialization . in a first 

10 step 6 200 S200 of Fig. 6, the mean focus values are obtained from 
the controller function (e.g.^ PID output) of the processor 10 at a 
plurality of different radii (e.g.^ Rl to R3) of the optical disc 
1. Then, based on equation (2), a mean radial disc tilt value p^ii 
is derived in step S201 between two radial positions Ri from the 

15 focus control data rf , e.g.^ mean focus values obtained from the 

controller function of the processor 10, wherein Arf corresponds to 
the difference in the focus control values between two radial 
positions Ri and Ri+i- Then, in step S202, the obtained mean radial 
tilt values p^^i are then stored^ ^-g-j. a tilt table which may be 

20 arranged as follows: 



radial positions 


mean disc tilt values 


(R1+R2) /2 




(R2+R3) /2 


Pm2 
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As indicated in Fig. 5, the stored mean tilt values 
are then applied during a siibsequent tracking (read or write) 
operation to control the tilt angle of the 3D actuator 11 (step 
S203 in Fig. 6) . To achieve this, tilt control data rp 
5 corresponding to the stored mean tilt value may be obtained based 
on one of the equations (3), (4) and (7). Interpolation can be used 
for positions inbotwcon b etween selected radii. 
[0040] As an alternative, the tilt control data r^, may be 
directly stored in the tilt table. Thus, angular deviations between 

10 the objective lens 110 and the recording surface of the optical 

disc 1 can be removed substantially. It is noted that measurements 
have to be performed at least at two radii Ri. After initial 
measurement of the radial disc geometry and start-up, the disc 
geometry should remain constant, e.g.j_ in the order of 0.1mm and 1 

15 mrad, over a time span required to write or read one entire disc. 
[0041] The combination of the above described dz/dr tilt 
measurement and #eed — f eed- forward tilt steering with the 3D 
actuator 11 provides a promising solution to the problem of 
accuracy in sensorless tilt measurements with 3D actuators. 

20 [0042] The present invention is applicable for any type of disc, 
including all types of recordable discs. Thus, various 
modifications may become apparent to those skilled in the art, 
without departing from the scope of the invention, as defined in 
the claims. The invention is applicable to any optical recording 

25 and reproducing device having any kind of mult i -dimensional 
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actuator with a split coil arrangement arranged to control focus 
and tilt. Thus, even a two-dimensional type of actuator allowing 
control only in the radial plane may be used for the present 
invention. 



PHNL020233-SS-RED-042306 



17 



4 



PHNL 020233 

ABSTRACT- ^ OF THE DISCLOSURE 

The prQOcnt invontion rolatoo to ln a method and device 
for performing tilt control-;— ft, a focus and a tilt controlling 
5 output is generated, and a focusing and tilt state of an optical 
recording/reproducing beam is controlled by determining a radial 
tilt value based on a differentiation of focus control values 
obtained at different radii of said optical disk (1) . The 
combination of^ e.g.j_ a 3D actuator with the dz/dr tilt measurement 

10 provides the advantage that focus and tilt adjustment can be 

performed in the same element. Thereby, influences or measurement 
variations caused by environmental conditions and/or circuit 
characteristics can be minimized to reduce compensations 
requirements. Furthermore, a 3D actuator (11) with a split coil 

15 arrangement may be used to provide a three-dimensional focus 
adjustment. Thereby, the 3D actuator (11) can be used for feed 
feed- forward tilt compensation without offset or gain errors and 
without any additional sensor. 

20 Fig. 2 
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